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Abstract 
Due to recent economic changes, Aon Hewitt has begun research into an alternative 
pension plan called a Managed Account Plan (MAP).  To provide Aon Hewitt with information 
about the risks and benefits of the MAPs to employers, this MQP simulated a population and its 
additional liabilities at different guaranteed rates.  The final model compares the risk of a MAP 
against a traditional Cash Balance (CB) plan.  The analysis has shown that MAPs have potential 
benefits and warrant further research.  
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Executive Summary  
Aon Hewitt is continually pursuing research into cutting edge developments and human 
resource solutions.  One of these new developments is the Managed Account Plan (MAP), a 
variant of more traditional Cash Balance plans (CB).  This plan gives Aon Hewitt the chance to 
offer new pension plans to companies that will reduce the companies’ risk no matter the state of 
the economy.  The objective of this project was to develop a Microsoft Excel program that would 
compare the company’s liabilities at different points of time dependent on many different factors 
such as what guarantee is given, the population of the company and the current economic state.  
 The first step was to create a model that would show the liability to a company for one 
person at one point in time.  This application was referred to as “The Straw Man.”  This 
approach made it possible to analyze how each plan worked for one person, at a certain age and a 
certain year of service.  This ensured that the application of both the MAP and the CB plan were 
working properly before the model was expanded to an entire population.  
 Once The Straw Man was completed, it was applied to a population which included 
people entering and leaving the population as time progressed (but which remained essentially 
stationary).  This population was created using information provided by Aon Hewitt.  The model 
made it possible for the program to run through each age with each possible plan contract year 
and year of service.  To do this, macros were written in Microsoft Visual Basic for Applications.  
 A Monte Carlo Simulation was used to simulate future returns on a variety of possible 
investments.  The forms of investments, Equity, Bonds and Emerging Markets, were simulated 
using Microsoft Visual Basic for Applications.  These investment results were used to calculate 
the projected “actual” value of an employee’s account would be worth.  This amount could then 
be compared to what the company had guaranteed would be in the account.  
 The model makes it possible for users to analyze the risks of the MAPs and the CB plans 
but does not provide a guarantee for the outcome of either plan.  This model can be used to show 
the different possibilities of each plan given different circumstances. Initial analysis of this data 
has shown promising results, and our team recommends expansion of the model and further 
research in order to provide more accurate information to companies considering a MAP.  
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Background 
In 2010, The Aon Corporation acquired Hewitt Associates and became Aon Hewitt.  Aon 
had originally been comprised of Aon Risk Solutions, Aon Benfield and Aon Hewitt.  The roles 
of these divisions can be found in Figure 1.  Aon Hewitt now provides global health and benefit 
solutions, retirement and investment consulting, benefit administration and other tasks.  The 
merger nearly tripled Aon’s consulting business and Aon Hewitt is now a global leader providing 
risk management services, insurance and reinsurance brokerage, and human resource consulting 
and outsourcing with more than 62,000 employees worldwide.  These employees are stationed in 
over 500 offices in over 120 countries.  Aon Hewitt’s primary goal is “to be the world’s most 
responsive, client-focused insurance and consulting services company” (About Aon, 2013).  Aon 
is currently the number one global reinsurance broker, global manager of captive insurance 
companies, and global employee benefits consultant.  
Pension plans were originally created to reward employees for loyalty, to provide 
employees with some economic security during employment and after retirement, and to recruit 
and retain employees.  These plans qualify the employer for tax deductions and the plan assets 
accumulate tax free.  However, the employer’s tax deduction cannot exceed the maximum 
deductible contribution and the employer’s contribution is required to be at least as large as the 
minimum required contribution.  Pension plans have Federal Regulators and the Pension Benefit 
Guaranty Corporation (PBGC) that verifies if the plan is complying with laws and regulations, if 
future changes in laws and regulations would help to promote “public policy”, if pension plans 
Figure 1: Aon Organizational Chart 
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are inadequately funded, and whether the sale or purchase of a business impacts the funded status 
of the plan. 
A Defined Benefit (DB) pension plan guarantees the employer a lifetime benefit initiated 
at retirement for employees that meet the necessary requirements.  With this plan, the risk lies 
with the employer rather than the employee.  A Defined Contribution (DC) pension plan 
guarantees an annual contribution from the employer to the employee’s account.  The success of 
the plan is dependent on the investment performance of the plan assets.  In a Defined 
Contribution pension plan, the risk mostly lies with the employee rather than the employer.  Two 
common forms of Defined Contribution plans include 401(k) and profit sharing.  With the 
Defined Contribution option, employees need to make their own investment decisions.  Cash 
Balance (CB) plans are Defined Benefit plans which operate more like a Defined Contribution 
plan, with the retirement benefit defined in terms of a notional account.    In these plans, the 
employer takes the risk for the investments and the account is available to be paid upon 
retirement or termination.  
 There have been changes to the legislature involving Defined Benefit and Cash Balance 
plans.  There had been numerous lawsuits against employers that were transitioning from 
Defined Benefit plans to Cash Balance plans.  These lawsuits resulted in amendments, referred to  
to the Age Discrimination in Employment Act (1967, amended in 2006 by the Pension Protection 
Act, PPA) (PPA Delivers Good News, 2006).  This act stated that employers may not cease 
benefit accrual, or reduce benefit accrual, because of age but that service maximums are 
acceptable.  It was later stated that Cash Balance plans were not discriminatory if the accrued 
benefits of any older employee were more than the accrued benefits for any younger employee 
that has all of the same attributes of the older employee except for age.  This change clarified 
that in certain situations, Cash Balance plans are not age discriminatory.  
 Managed Account Plans (MAP’s) are an innovative new form of pension plans that are 
intended to share the risk between the employer and the employee while also giving more 
protection to people’s retirement funds.  The current issue is that Defined Contribution plans 
have cost certainty but they also have benefit volatility.  The MAP’s pay credits are similar to the 
typical cash balance plans’ and the floor is the sum of the pay credits.  The interest involved with 
MAPs is linked to the total return on equity and bonds.  The risk is spread between the employee 
and the employer since the employee’s long-term risk is reduced from the credited interest and 
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the employer’s short-term risk is reduced by the account value fluctuations.  This results in the 
employees having less pressure to make the correct financial decisions and improved efficiency.  
Assumptions 
Aon Hewitt splits the employee information into active and inactive data.  Active data 
consists of date of birth, date of hire, benefit service, pay history, hourly history and sex.  The 
inactive data should also contain date of birth, sex, payment form, benefit amount, beneficiary 
start date and beneficiary information. 
There were assumptions that needed to be made to properly simulate the developments of 
a single person, and eventually a population. Assumptions were made for the death, termination 
rates, salary, and retirement age.  Aon Hewitt provided information on termination given the 
person’s age and experience and the average salary amounts dependent on the age of the 
employee.  To correctly simulate a population, data from one of Aon Hewitt’s clients was used 
(anonymously, with no identifying data provided).  This data gave information on when 
employees leave the company due to retirement or any other reason besides death.  Death was 
not incorporated into the model due to insignificance (relatively low mortality rates in the 
working population, particularly when compared with other, more significant assumptions).  
Information about the expected mean and the standard deviation of the investments for various 
asset categories was also provided by Aon Hewitt.  The mean (denoted by μ) signifies the 
expected return and the standard deviation (denoted by σ) is the risk associated with the asset. 
Lognormal Distribution 
The Lognormal Distribution was used in this project to approximate the Large Capital 
U.S. Equity and the Long Duration Bonds.  The Lognormal Distribution is a 
continuous probability function of a random variable where the natural log of the function 
follows a Normal Distribution.  The Lognormal Distribution is always non-zero and follows the 
formula:  
S1=S0*(exp^r) 
S1 is the stock price after one period and S0 is the stock price at the current time.  The rate 
of return, “r,” is Normal and the future price is Lognormal.  The stock price is continuously 
compounding the current stock price at a rate of “r.”  The lognormal distribution is unimodal and 
is positively right skewed.  The function is increasing on (0, m) and decreasing on (m, ∞) where 
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m is the mode.  The mode, m, is equal to exp(μ−σ2).  In this application, the desired result is that 
the mode occurs in the first few years of the plan.  This would result in a severe decrease in the 
risk as time goes on.  The Lognormal Distribution is considered to be more accurate in 
estimating stock prices compared to the Normal Distribution.  
Investments 
Both MAPs and Cash Balance plans rely upon the return on investments to build and 
maintain employee account balances.  These investments can be a number of different 
combinations, but most often, investing in both bonds and equity is a common strategy of the 
companies offering retirement plans.  The bond investments are a less risky option compared to 
the equity investments due to the market volatility affecting the equity risk.  For this reason there 
is often a mix of multiple forms of investments, and the overall return on investments will 
depend upon the various asset classes, their returns, and any interaction (correlation) between the 
classes. 
The first step is to understand the average return of each investment type.  The Monte 
Carlo Framework is the appropriate approach to achieving stock prices, or in this case any 
investment returns, that simulate the expected average of those investments.  After formulating 
the mean investment returns from each investment type, the next step involves how different 
types of investments relate to one another.   
When considering the returns on multiple investment types, users must be conscious of 
the fact that investment returns can demonstrate a high level of correlation.  It then becomes 
necessary to randomize the potential returns while considering their correlation.  The relationship 
between correlation, variance and covariance is shown below: 
)()(
),(
),(
21
21
21
XVarXVar
XXCov
XXCorr 
 
The above formula considers the correlation between two investment types.   
The covariance of each pair can be solved for, given the correlation and variance of each pair 
of investment types.  The covariance of each combination results in a covariance matrix of each 
possible pairing of investment types.  There are three properties of a covariance matrix: 
1. The matrix is symmetric. 
2. The diagonal of the matrix has entries greater than or equal to zero. 
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3. The matrix is positive semi-definite so that 
nRforall   0 where  is the 
covariance matrix of  . 
Since the covariance matrix will be a positive semi-definite matrix by definition, the 
Cholesky decomposition of a symmetric positive-definite matrix can then be utilized.  This final 
step in the Monte Carlo Simulation will allow for the investment mixture to be accurately 
applied with proper consideration for the correlation between different types of investments 
(Haugh). 
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Methodology  
Creation of The Straw Man 
In beginning to design a model to compare the financial benefits and risks between a 
Managed Account Plan (MAP) and a Cash Balance (CB) plan we first considered one employee 
individually.  The model was created in Microsoft Excel using Visual Basic for Applications 
since this is the software Aon Hewitt has readily available.  This became known as “The Straw 
Man.”  This straw man model represented a single employee with certain characteristics. These 
characteristics include age and service for that employee, employee salary information, 
investment projections and termination information.  Based on these inputs, the employee’s 
overall retirement benefit at the time of departure was determined in both a MAP and CB 
scenario.  The difference between the sum of the pay credits, aggregated at a percentage that is 
input by the user, and the notional account of the employee was considered in both scenarios.  
This difference represents the additional liability the company could anticipate. 
The original straw man was designed to act as a means of understanding the difference 
between a MAP and a CB plan.  Ultimately there would be a need to convert to a full size 
population, incorporating termination probabilities and the possibility of having multiple 
investment types contributing to the same employee account.  An entirely new model was 
designed to begin to incorporate these additional variables.  The same theory and approaches 
applied to the creation of the straw man were carried over to the development of the final model. 
Developing the Model 
The model was designed to display the differences between four separate pension plan 
approaches.  The four options include a MAP considering the floor risk, a CB plan considering 
the floor risk, a MAP considering investment risk, and a CB plan considering investment risk.  
The four options are held in four separate workbooks due to their large size.  The difference 
between the floor risk and investment risk options involves the client guaranteeing a minimum 
return to each employee at their time of departure from the company.  The company would be 
required to make up any gap between the guarantee and the actual account balance that particular 
employee has accrued over their time of employment. 
The model requires five workbooks.  These workbooks include “Control.xlsm,” 
“MAPFloor.xlsm,” “MAPInvest.xlsm,” “CBFloor.xlsm,” and “CBInvest.xlsm.”  The user only 
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needs to be manually working in the “Control” workbook to enter inputs as well as observe 
outputs.  For best results, having only the workbook that corresponds to the macro the user is 
currently running is ideal.  At any point in time, the user should only have the “Control” 
workbook and the workbook corresponding to the desired macro open. 
The “Control” Workbook 
The “Control” workbook receives inputs from the user in the “Inputs” worksheet.  These 
inputs are explained in the following section.  The “Control” worksheet has two panels that 
enable the macros in the models and a third panel of Clear Outputs for convenience.  The Run 
Control Panel displays four buttons for each of the types of pension plan scenarios that can be 
run for comparison.  A snapshot of this section of the “Control” worksheet is shown below in 
Figure 2: 
 
Figure 2: Run Control Panel 
 
The Investment Control Panel displays two buttons, one to clear the investments and one 
to refresh the investment make-up.  It is important to note that the “Clear Investments” button 
only clears the investments in the “Control” workbook.  The investments in the sub-workbooks 
will be automatically updated when the model macros are run.  A snapshot of this section of the 
“Control” worksheet is shown below in Figure 3: 
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Figure 3: Investment Control Panel 
The third panel of the “Control” worksheet named “Clear Outputs” is explained in a later 
section entitled Ease of Use. 
Model Inputs 
The model requires the user to input the following material into the “Inputs” worksheet in 
the “Control” workbook.  The inputs on the “Inputs” worksheet can be thought of in three 
sections.  A snapshot of the first section is shown below in Figure 4. 
 
Figure 4: Inputs Panel 1 
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The inputs required in this section include: 
1. The mixture of how employees are expected to invest throughout their career.  This 
mixture will be displayed as percentages of each investment type and will sum to a total 
of 100% for each year.  In the model, the percentage of investment in bonds was 
increased and the percentage of investment in equity was decreased as an employee ages. 
Different account make-ups are typically used between the Nominal Account (Figure 4, 
blue) and the Investment Account (Figure 4, purple). 
2. The salary scale percent increase over time as an employee ages (Figure 4, green). 
3. The current termination rates by age and service (Figure 4, orange). 
The second section of inputs on the “Inputs” worksheet requires the following information.  A 
snapshot of the second section is shown below in Figure 5. 
  
Figure 5: Inputs Panel 2 
1. The Starting Salary of a 25 year old employee with zero years of service. 
2. The Pay Credit % that will apply to an employee’s salary determining their pay credits. 
3. The Chosen Output Discount Rate will allow the user to add their desired level of risk.  In 
the outputs this will be an outputted array of additional liabilities. 
4. The Guaranteed % Notional Acct.   
5. The types of investment returns the user would like to see applied to the employees’ 
nominal and investment accounts. We used the large cap U.S. equity, long duration credit 
bonds, and made room for the option of an additional “risky asset” as well. 
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6. The Mean and Sigma of these types of investment returns chosen by the user (previously 
referred to in number 5 above). 
7. The Starting Age, Service Year, and Current Plan Year.  Note that these should begin as 
25, 0, and 0 respectively before any of the macros are run. 
8. The correlation percentages, entered as decimals, between the different types of 
investment types. 
The third and final section of the “Inputs” worksheet in the “Control” workbook is the 
population percentages.  A snapshot of the population percentages is shown below in Figure 6:
 
Figure 6: Inputs Panel 3 
 
This population is based on the client’s current employee make-up.  The entries should 
reflect the percentage of the company’s population that corresponds to each age and number of 
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years of service with the company.  For a more in depth view of how we designed the population 
percentages for our utilization of the model please refer to Appendix  C. 
Creation of “Investments” Macro 
To create scenarios of possible investment returns over time, a macro in Microsoft Visual 
Basic for Application was created.  This macro is run using the “Refresh Investments” button on 
the “Control” worksheet in the “Control” workbook.  For convenience, there is also a “Clear 
Investments” button located on the “Control” worksheet in the “Control” workbook as well.  
This should be used before refreshing the investments.  A snapshot of the two buttons can be 
seen below in Figure 7: 
 
Figure 7: Investment Control Panel 
 
The macro uses the data from the “Inputs” tab in the “Control” workbook.  When the 
“Refresh Investments” macro is run, the macro first creates a covariance matrix based on the 
sigmas of each investment type inputted by the user.  This covariance matrix utilizes the 
percentages of correlation from the correlation matrix inputted by the user on the “Inputs” 
worksheet of the “Control” workbook.  These percentages represent the correlation between each 
pair of investment types.  The sigmas and correlations are used to solve for the covariance of 
each pair of investments.  The macro then calculates the Cholesky decomposition of the 
covariance matrix.  For a more in depth view of these calculations please refer to Appendix B. 
The macro then creates six arrays of randomly generated numbers between zero and one, 
three for monthly returns and three for annual returns.  The dimensions of the monthly arrays are 
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1000 rows by 960 columns.  The 1000 rows represent the 1000 trials that we had previously 
decided would be a reasonable sample size for the project’s purposes.  The 960 columns 
represent twelve months a year for 80 years.  The dimensions of the annual arrays are 1000 rows 
by 80 columns representing 100 trials and 80 years of returns.  We projected our results out 80 
years to give the plans time to mature to a stationary state. 
The six arrays of randomly generated numbers between zero and one are then multiplied 
by the previously determined Cholesky decomposition of the covariance matrix.  Since the 
Managed Account Plans and Cash Balance plans operate differently, the MAP requires monthly 
investment returns while the CB requires yearly investment returns.  The final part of the macro 
takes the created monthly investment returns and outputs them for the MAP Floor and MAP 
Invest macros.  However, the monthly investment returns for each year are multiplied together to 
achieve yearly investment returns for the CB Floor and CB Invest macros.  The monthly and 
yearly investments for each of the three types of investments output the six arrays to the 
“Investments” worksheet in the “Control” workbook.  When each of the four model macros run, 
they utilize the appropriate investment arrays.  
Creation of “MAPFloorRisk” Worksheet 
The first macro can be run using the first button on the control panel, labeled “MAP 
Floor.”  When run, this macro copies the “Inputs” worksheet the user has manually entered their 
data into in the “Control” workbook and copies it to the “Inputs” worksheet in the “MAPFloor” 
workbook.  To understand how the macro runs and outputs, we first must understand how the 
“MAPFloorRisk” worksheet works within the “MAPFloor” workbook. 
The MAP is designed to monitor monthly pay credits and sum them over the course of an 
employee’s career with the client company.  The pay credits are aggregated using the prior 
month’s sum of pay credits scaled using one twelfth of the “Monthly Guarantee % Notional 
Acct” input.  This raises the sum of the pay credits according to the desired percentage inputted 
by the user.  The monthly pay credit from the previous month is then added to the scaled sum of 
pay credits from the previous month.  It is important to note that the monthly pay credits are 
calculated using a percentage of the salary of an employee, given their age.  The percentage of an 
employee’s salary that makes up their monthly pay credit is one of the inputs from the user. 
The “MAP Floor Risk” macro begins by producing 1000 trials of notional account 
balances over the course of 960 months.  This is the array highlighted in red in the 
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“MAPFloorRisk” worksheet.  Depending on which month in the lifetime of the plan that 
particular employee begins working, the array begins to fill at different months of the plan.  This 
array will fill in as many months of an individual’s account balance as necessary.  Depending on 
what age the individual is, the array will fill in account balances through the end of the year in 
which the individual is 65 years old.  The array also begins filling in notional account balances 
depending on the year of the plan.  For example, if a company has had the MAP implemented for 
10 years, you will see the notional account balances begin at the 120
th
 month of the array.  The 
notional account continuously accumulates based on the pay credit percentage that was inputted 
by the user. 
The second array in the “MAPFloorRisk” worksheet is simply a placeholder array for 
consistency.  In the “MAPInvest” workbook this array will be populated. 
An additional array is created in the “MAPFloorRisk” worksheet based on the monthly 
overhang.  This array is located under the Notional Account Balance array in the 
“MAPFloorRisk” worksheet and is highlighted in green.  This array simply shows the difference 
between the sum of the pay credits and the notional account balance.  However, if the sum of the 
pay credits is less that the notional account balance the array displays a zero for that entry in the 
overhang array.  This is because when the sum of the pay credits exceeds the balance of the 
notional account, the company does not realize any additional liabilities. 
The fourth array in the “MAPFloorRisk” worksheet produces the expected additional 
liabilities.  This array applies the monthly termination probability at any given time to the 
monthly overhang, from the previously explained array.  The monthly termination probabilities 
are determined using the termination rates by age and service, which are inputted by the user.  
The rates we are currently using in the model needed adjustments before we could apply them.  
Because our termination inputs were based on ages 25 through 65 and 0 to 5+ years of service 
corresponding to each age, we had to adjust the termination rates in the “Calculated” worksheet.  
The “Lookup Termination Rates,” column C in the “Calculated” worksheet, retrieves the 
termination probabilities based on the employee’s age and years of service.  As you move down 
the column the termination probabilities correspond to an additional year of service and the 
employee becoming one year older.  Column D in the “Calculated” worksheet, labeled 
“Termination Probabilities,” takes the lookup termination rates and conditions them to consider 
the probability of not terminating before a given age and then actually terminating at that 
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particular age.  These termination probabilities are divided by twelve to span over the twelve 
months in a year and applied as the “Monthly Termination Probability” in the “MAPFloorRisk” 
worksheet. 
Creation of “MAPMonthlyFloor” Macro 
Now that we understand the “MAPFloorRisk” worksheet, we can approach how the 
macro creates the outputs in the “Output” worksheet in the “Control” workbook.  The macro 
works through each possible age, 25 to 65, and possible years of service, 0 to 40, for 1000 trials.  
The macro stores the data while it runs and aggregates based on years of service to output five 
arrays in the “Output” worksheet.  These are labeled, in order, “Overhang,” “PV at Input %,” 
“PV at 5%,” “PV at 0%,” and “80 Plan Years.”  We will walk through each one individually. 
The “Overhang” array first sums the overhang outputs from the “MAPFloorRisk” 
worksheet by trial.  We are then left with the total amount of overhang per trial.  These are then 
multiplied by the corresponding percentage of the employee population that is of the same age 
and years of service.  All 1000 trials are run through for each age and service combination.  The 
output is an array in the “Output” worksheet with dimensions 1000 by 40.  This represents the 
overhang of all 1000 trials and aggregated by each of the 40 years of service. 
The “PV at Input %” array first stores the net present value of each additional liability 
determined in the “MAPFloorRisk” worksheet.  This is done using the NPV function in 
Microsoft Visual Basic in Excel.  The percentage is based on the “Chosen Output Discount Rate”  
that is inputted by the user.  This percentage is then put through the NOMINAL function in 
excel.  This returns the nominal annual interest rate, given the effective rate and the number of 
compounding periods per year, in this case 12, for 12 months per year.  This NPV array is then 
multiplied by the corresponding percentage of the employee population that is of the same age 
and years of service.  All 1000 trials are run through for each age and service combination.  The 
output is an array in the “Output” worksheet in the “MapFloor” workbook with dimensions 1000 
by 40.  This represents the present value of the additional liabilities at the inputted percentage of 
all 1000 trials and aggregated by each of the 40 years of service. 
The “PV at 5%” array first stores the net present value of each additional liability 
determined in the “MAPFloorRisk” worksheet.  This is done using the same NPV function as 
before.  This is then multiplied by the corresponding percentage of the employee population that 
is of the same age and years of service.  All 1000 trials are run through for each age and service 
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combination.  The output is an array in the “Output” worksheet with dimensions 1000 by 40.  
This represents the present value of the additional liabilities at 5% of all 1000 trials and 
aggregated by each of the 40 years of service.  
The “PV at 0%” array first sums the additional liability outputs from the 
“MAPFloorRisk” worksheet by trial.  This is then multiplied by the corresponding percentage of 
the employee population that is of the same age and years of service.  All 1000 trials are run 
through for each age and service combination.  The output is an array in the “Output” worksheet 
with dimensions 1000 by 40.  This represents the present value of the additional liabilities at 0% 
of all 1000 trials and aggregated by each of the 40 years of service. 
The fifth and final array in the “Output” worksheet has different dimensions than the 
others.  This array outputs 1000 trials by 960 months of service in the “MapFloor” workbook.  
This was created to display the additional liabilities summed by the year in which they occured.  
The aggregated additional liabilities by year are displayed in the “Control” workbook in the 
“MAPFloorOutputs” worksheet.  This allows for a view of how a company would experience a 
MAP once the plan has had time to mature.  We implemented the Managed Account Plan for 0 
through 80 years.  
All of these arrays are then used to populate the outputs tab in the “Control” workbook, 
the same workbook where the user applied the inputs. 
Ease of Use 
For the benefit of the user, we incorporated separate buttons in the “Control” workbook 
to allow for quick data refreshing and clearing. A snapshot of the third panel of buttons in the 
“Control” worksheet in the “Control” workbook is shown below in Figure 8: 
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Figure 8: Clear Outputs 
 
All four buttons shown above clear out all five arrays in the “Outputs” worksheet in the 
respective sub-workbook. 
CB Floor Macro 
The “CBFloor” workbook operates similarly to the “MAPFloor” workbook.  The 
differences first arise in the “CBFloorRisk” worksheet.  There is no tracking of the sum of the 
pay credits for the Cash Balance plans.  Also, the pay credits are accrued yearly instead of 
monthly.  The termination probabilities are also yearly instead of monthly.  These differences 
arise because of the monthly and yearly difference between the Managed Account Plan and the 
Cash Balance respectively.  The notional account of the employee in a MAP aggregates the pay 
credits monthly because there is a monthly guarantee.  In the CB, however, the employee only 
has a guarantee of their nominal account through the end of the previous year. 
The differences in the “CBFloor” workbook when compared to the “MAPFloor” 
workbook first bring us to the “CBFloorRisk” worksheet in the “CBFloor” workbook.  The first 
array present in the worksheet is the Guarantee Account, the previous balance of the account 
scaled by either the three chosen investment types, scaled by the inputted percentage make-up, or 
the return on bonds alone.  The larger of the two options is chosen and used to scale the previous 
account balance and the yearly pay credit is also added to the new balance of the Guarantee 
Account.   
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The second array in this worksheet is the Nominal Account which removes the bond 
guarantee from the first array.  This is identical to the Guarantee Account array except that the 
larger of the two investment options does not exist.  The maximum between the three chosen 
investment types, scaled by the inputted percentage make-up of each investment, or the return on 
bonds is not applied because there is no guarantee of the bond.   
The next array is a placeholder in the “CBFloorRisk” worksheet for consistency 
throughout the multiple sub-workbooks.  This array is utilized later in the CB investment macro.  
The next two arrays represent Overhang and Additional Liability respectively in the same way as 
the “MAPFloor.”  
The “CBYearlyFloor” macro then utilizes the “CBFloorRisk” worksheet in the 
“CBFloor” workbook and runs 1000 trials for each combination of ages 25 through 65 and years 
of service 0 through 40.  The same five arrays are outputted in the “Output” worksheet in the 
“CBFloor” workbook as in the “Output” worksheet in the “MAPFloor” workbook.   
It is important to note that the “80 Plan Year” array is outputted to the sub-workbook in 
dimensions 1000 by 80 representing the additional liabilities of 1000 trials aggregated by year of 
accruement.  This differs from the “80 Plan Year” array outputted to the “MAPFloor” workbook 
because the “MAPFloor” sub-workbook displays 1000 trials of additional liabilities for each of 
960 months.  It is not until the outputs are transferred to the “Control” workbook that the 
“MAPFloor” outputs are converted to yearly sums. 
All sub-workbook outputs are then transferred to the “CBFloorOutput” of the “Control” 
workbook, the same workbook where the user applied the inputs. 
MAP Investment Macro 
The MAP Investment macro functions similarly to the MAP Floor macro.  The difference 
lies in the distribution of investment percentages amongst the three chosen types of investments.  
Looking at the differences in the “MAPInvestmentRisk” worksheet of the “MAPInvest” 
workbook, the arrays differ in the following ways: 
The notional account is aggregated is the same way as the MAP Floor.  The second array 
is only populated in the “MAPInvest” workbook, however.  This array aggregates the Investment 
Account using the same method as the Notional Account.  The difference between the first and 
second array is present in the scaling of the investment returns.  The user is able to input two 
different investment structures, one for the Notional Account and one for the Investment 
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Account.  For the purposes of our model we designed the Notional Account to have a less risky 
make-up of investments and the Investment Account has a more risky make-up of investments.  
A less risky make-up would involve a smaller percentage of investments dedicated to equity and 
the remainder of the investment make-up to come from the return on bonds.  It is worth noting 
that for our current model we do not include the third “Risky” asset as any percentage of our 
investment make-up, but the functionality does exist within the model.  
The next array, “Overhang,” takes the larger of two considerations.  The first 
consideration is the difference between the sum of the pay credits at any given point in time and 
the corresponding notional account.  The second consideration is the difference between the sum 
of the pay credits and the investment account.  Whichever difference is larger, that is what the 
company will be responsible for making up to the employee.  The final array, identically to the 
MAP Floor, is the Additional Liability to the company.  This takes the Overhang array and 
applies the probability of termination in that particular month of employment. 
It is important to understand that the Overhang array represents what the company would 
have to pay out to the employees based on the asset returns for that point in time in the market.  
The Additional Liability array also considers the probability the company will actually have to 
pay out at that time since the pay out only occurs when the employee actually terminates. 
The MAP Investment macro then utilizes the “MAPInvestmentRisk” worksheet and runs 
1000 trials for each combination of ages 25 through 65 and years of service 0 through 40.  The 
same five arrays are outputted in the “Output” worksheet in the “MAPInvest” workbook as in the 
“Output” worksheet in the “MAPFloor” and “CBFloor” workbooks, previously explained.   
These outputs are then transferred to the “MAPInvestOutput” worksheet of the “Control” 
workbook, the same workbook where the user applied the inputs. 
CB Investment Macro 
The CB Investment macro functions similarly to the CB Floor and MAP Investment 
macro.  The “CBInvestmentRisk” worksheet in the “CBInvest” workbook has the same arrays 
that function in the same way as the “CBFloorRisk,” previously explained.  The difference is that 
in place of the “Placeholder” array that existed in the “CBFloor” workbook, there is an array that 
uses the investment make-up percentages inputted by the user.  Much like the MAP Investment 
macro, the Overhang considers the larger difference, either the sum of the pay credits and the 
guarantee account or the sum of the pay credits and the nominal account.  Recall that the 
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difference between the guarantee account and the nominal account is that the guarantee account 
ensures that at least the bond return will be matched in the employee’s account.  The nominal 
account does not carry the same bond guarantee.  The Additional Liability array once again 
simply applies the termination probabilities to those overhang values. 
The CB Investment macro then utilizes the “CBInvestmentRisk” worksheet and runs 
1000 trials for each combination of ages 25 through 65 and years of service 0 through 40.  The 
same five arrays are outputted in the “Output” worksheet in the “CBInvest” workbook as in the 
“Output” worksheet in the “MAPFloor,” “CBFloor,” and “MAPInvest” workbooks, previously 
explained.   
These outputs are then transferred to the “CBInvestOutput” worksheet of the “Control” 
workbook, the same workbook where the user applied the inputs. 
“Control” Workbook Outputs 
The model outputs six arrays in each of the sub-workbooks as previously explained.  
These outputs are then transferred back over to the “Control” workbook in each of the sub-
workbooks’ respective “Outputs” worksheets and transformed into percentages. The first four 
arrays are the present values at different interest rates by years of service divided by the expected 
pay credits for employees with those years of service at the same interest rates.  In the array 
labeled “80 Plan Years”, these percentages are the additional liabilities at each plan year 
compared to the total amount of retirement benefits the company can expect to pay out at that 
plan year for the entire population. The final array, labeled “PV at 5%/PV at 0%” divides the 
present values at those interest rates for each possible service year. 
To complete these calculations, the “Denominators” worksheet in the “Control” 
workbook was designed to automatically create denominators from the Inputs tab. The number 
labeled “Expected Pay Credit” on the Denominators tab divides the array representing additional 
liabilities for 80 years (“80 Plan Years”).  This is calculated by multiplying the pay credits at 
each age based on the salary scale by the percent of the total population at each age then 
summing these numbers. This reflects the amount of money the company expects to pay out at 
each plan year, making it a good comparison to the additional liabilities that the model projects. 
The second set of denominators are comparisons to the present value of liabilities for 
each possible service year. So, the denominator for these arrays must be a present value of 
expected pay credits for each service year. The worksheet scales the total pay credits for each 
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combination of age and service by the probabilities of that individual remaining with the 
company until the year of that pay credit.  These scaled sums of pay credits are then present 
valued at zero, five, and the input percentage to correspond to the three respective additional 
liability arrays produced in the “Outputs” worksheets in the sub-workbooks. 
The present valued sums of pay credits are then scaled by the percentage of the 
population with the corresponding age and number of years of service.  Finally, to complete the 
denominator calculations, the scaled and present valued sums of pay credits are aggregated based 
on service year.  These are used as the denominators to divide into the additional liability outputs 
from each sub-workbook based on discount rate.  The five percentage arrays can be found in the 
four worksheets in the in the “Control” workbook labeled “MAPFloorOutput,” 
“CBFloorOutput,” “MAPInvestOutput,” and “CBInvestOutput.”   
The “Graphs” worksheet in the “Control” workbook is designed to visualize the 
differences between the four plans.  The graphs labeled “CB Floor-80 Years,” “MAP Floor-80 
Years,” “MAP Invest-80 Years” and “CB Invest-80 Years” display the continuation of the model 
over 80 plan years. This was created in order to analyze how the plans would change after their 
initialization in companies.  The additional liabilities summed by plan year are compared to pay 
credits at that year. Because of limitations within Microsoft Excel, and for the purpose of 
achieving effective visual outputs, only the first fifty trials are displayed in each graph.  These 
first fifty trials are random, however, and allow for an accurate portrayal of the 1000 trials 
overall.   
Another output for consideration by the user on this worksheet is the Zero Top Up 
Probability chart, found on the “Charts” worksheet.  Based on plan year, this chart displays the 
percentage of the 1000 trials that did not require any form of top up payments.  This means there 
was no additional liability or overhang for that percentage of the trials. 
Graphs of the by service summarizations from the “Charts” worksheet and the by plan 
year chart are also portrayed on the “Graphs” worksheet. The “Charts” worksheet in the 
“Control” workbook is designed to allow the user to compare the means, medians, 90th 
percentiles, and the largest 10% of the 1000 trials based on service year.  These same 
characteristics are shown for all four plans.   
The Graphs labeled “PV at 5%/PV at 0% -by Service Year” are summarizations of the 
arrays on the “Inputs” worksheet which divide the present values by service years at 5% by the 
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present values by service years at 0%. These numbers are intended to give a comparison of the 
time that liabilities occur, since liabilities that occur sooner are less affected by the 5% 
discounting and will be closer to the present value at 0%. Therefore, results closer to one imply 
shorter liability streams over the careers of the employees at the first year of the MAP or CB 
plan. 
Also, there are automatically created arrays which summarize the same “PV at 5%/PV at 
0%” for the entire population. This is accomplished by weighting the “by service year” arrays by 
the percent of the population at each service year. All 1000 trials of these are summarized in the 
graphs labeled “PV at 5%/PV at 0%-Population Histogram.” Finally, an average of all 1000 trials 
which give a single-number comparison for all four models is available on the Charts worksheet. 
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Conclusions  
There is a great deal of information that can be extracted from the model and the 
information that has been provided in the output sheets in the “Control” workbook. This 
information demonstrates that the Managed Account Plans have many added benefits as a 
pension plan as a whole while also having comparable benefits to the Cash Balance plans. 
It is interesting to note that, in general, the “Investment” models have higher risk 
compared to the corresponding “Floor” models.  Since the “Investment” model calculates the 
future liabilities for a company that is attempting to generate higher returns than the employee 
accounts, it is reasonable that this risky choice generates more liabilities. Of course, there may be 
benefits to this choice in the form of higher returns on company investments. 
In reference to the MAPs, liability for a newly implemented plan increases as the 
employee service year increases. This is beneficial to the company since as a percentage, there 
are fewer employees with a higher account balance and with more years of service. As 
percentage of payroll, these people with higher liabilities with respect to the present value of 
their pay credits have less of an impact on the company. This can be seen in the following chart 
that summaries the tail value at risk of the 90
th
 percentile, the 90
th
 percentile, the mean and the 
median of the MAP Floor and Investment. This is shown by graphing the present value of the 
liabilities of the company and dividing that by the total present value of the expected pay credits 
for the entire company. This is plotted against the service year of the employee entering the plan 
at its first year (plan year 0). 
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Figure 9: Map Floor- Service Summarizations 
 
Figure 10: MAP Investments- Service Summarizations 
 
There is a significant difference between the trends of the MAPs and the CBs. The Cash 
Balance plans have a higher liability when the employees’ years of service are lower. This can be 
shown in the same way as the previous graphs as seen below in the “CB Floor-Service 
Summarizations” and the “CB Invest-Service Summarizations”. Both of the following graphs 
show that as the service of the employees increases in a newly-implemented CB plan, the 
liability as a percentage and present value of the total liability decreases. 
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Figure 11: CB Floor- Service Summarizations 
 
Figure 12: CB Investments- Service Summarizations 
Overall, in the comparison between the two forms of pension plans, the percentages of 
the liability are less with the MAPs and the higher percentages (approximately 2%) have less 
weight than the higher percentages in the Cash Balance plans (approximately 9.5%). The weight 
is affected by how many employees of that service is currently employed and how large the 
account balance is. However, differences in inputs between the MAP and CB models must be 
taken into consideration when making direct comparisons between the graphs. 
The models also produce a similar output to the Present Value of Expected Liabilities 
over the Present Value of Pay Credits, using the Present Value of Overhang.  These outputs 
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would represent the same stream of liabilities, without consideration of the probability of 
termination at the time of the liability.  This could be a valuable summarization for a company 
that was interested in the total possible liability at each year in order to plan reserves for their 
plan guarantee. 
The eighty year graphs show the projected additional liability divided by the expected 
pay credit at that year. The following graphs show a random fifty trials from the original 
thousand. These outputs would be of interest to a company since these outputs can be scaled to 
show a company how much more they may have to pay in additional liabilities compared to what 
they originally expected to pay as a retirement benefit.  
Assume that a trial shows a ten percent additional liability over expected pay credit in a 
given year. This means that a company that is already paying one million a year in pay credits 
would have paid one hundred thousand in additional liability in said year.  
 In general the MAPs show a decreasing trend in the additional liability while the CB 
plans show an increasing trend over eighty plan years.  
  
Figure 13: MAP Floor-80 Years 
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Figure 14: MAP Investments-80 Years 
 
Figure 15: CB Floor-80 Years 
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Figure 16: CB Investments-80 Years 
 
It had been discussed in our meetings with Aon Hewitt that it would be beneficial to see a 
measure of the liabilities that allowed for a comparison of the timing when the liabilities occur. 
This can be seen in the diagrams listed below. Results closer to one reflect an earlier stream of 
liabilities since the numerator (present value at 5%) has been less affected by discounting when 
compared to the denominator (present value at 0%).  The MAP values for all service years are 
close to one while the CB values for all service years show later liabilities for employees with 
less service. 
 
Figure 17: MAP Floor-Service PV at 5%/PV at 0% 
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Figure 18: MAP Investments-Service PV at 5%/PV at 0% 
 
Figure 19: CB Floor-Service PV at 5%/PV at 0% 
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Figure 20: CB Investments-Service PV at 5%/PV at 0% 
 
Using the by service year information above, we were able to consolidate the data into 
one population summary, using the weights of the population for each service year. As before, 
these numbers express when the additional liability is expected to occur, and values closer to one 
represent liabilities occurring closer to time 0. The MAP in general has shorter expected liability 
streams compared to the CB, and the Floor models have shorts liability streams compared to the 
corresponding Investment models. 
Service Year Population 
MAP Floor 0.9257 
CB Floor 0.3620 
MAP Invest 0.8697 
CB Invest 0.3655 
Figure 21: Population PV at 5%/PV at 0% 
As previously stated, there are many different interesting summarizations of this data. We 
have created a model that is flexible enough for many different outputs to be created and for the 
information to be analyzed in different ways. These summaries are only a small sample of what 
can be analyzed with the model and we believe this model can provide answers to many different 
questions Aon Hewitt may have pertaining to Managed Account Plans.  
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Recommendations 
Next Steps 
The next portion of the project will involve making some alterations to the current model 
and manipulations of the outputs.  The future changes to the model will be in the interest of 
marketing the product to future clients.  Many of the upcoming outputs will be manipulations of 
the current outputs and available data within the model. 
The first consideration towards designing the model for professional use will involve 
ensuring that the new Managed Account Plans meet all legislative standards.  Particular attention 
must be paid to the Age Discrimination in Employment Act (and its various amendments).  
There must be no discrimination from one employee’s account to the next based on age.  It must 
also be demonstrated that the MAPs are designed to enhance the benefits of the employees 
instead of simply benefitting the employer.  Highlighting the benefits to the individual will aid in 
legislative approval of this new retirement plan design. 
The next consideration will be how to most effectively market the idea to Aon’s clients.  
Allowing for ease of client specific outputs will be a crucial functionality of the model.  For 
example, a tool designed to take the current company profile and automatically project the 
population make-up into the future could be very helpful to the client’s understanding of the 
MAP.  This could also involve the functionality of scaling the population up or down as the 
company sees fit for its own future.  Ensuring that the client can easily manipulate their own 
company information to be inputted into the model will aid in the comparison between the MAPs 
and CB plans. 
Another point of interest will be to add the functionality of having a designated vested 
period, perhaps of three years.  This functionality would allow for the company to only apply the 
guarantee benefits of the Managed Account Plan to those employees who have been with the 
company for a minimum period of time.  This would allow the company to add incentive to 
remaining with the company and security against some of the early, typically most volatile years 
of the Managed Account Plan. 
Designing multiple options for the employer to be able to hedge the risk presented by the 
Managed Account Plan will aid in the selling of this new, unprecedented retirement plan 
offering.  One potential option would be the purchasing of swaps to make up for any additional 
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liabilities they may potentially pay out to their employees who terminate.  Combined with the 
comparison outputs of the model, having additional ways of defraying the potential risk will 
encourage the benefits of the MAP. 
Since not all additional liabilities can realistically be avoided, designing options for 
paying out the employees’ benefits at the time of their retirement will encourage companies to 
adopt the MAP.  For example, designing plans that offer an annuity to the employee upon time 
of retirement would be one option.  Ideally these options and suggestions would aid in the 
presentation of the MAP to legislature. 
For the use of Aon Hewitt in future, we will also have a finalized and user-friendly 
version of the original straw man.  The straw man will be used for Aon’s clients who may want 
to view the idea of a MAP on a smaller, individual employee scale.  The current straw man needs 
investment type correlation considerations, other minor adjustments, documentation and outputs 
designed to meet the needs of Aon and their clients. 
Recommendations Beyond this Project 
Moving forward with the use of the model and the future additions to the project, we 
have made the following recommendations to enhance the current model. 
The first recommendation is to take a closer look into the correlation matrix inputted by 
the user and how it is applied.  The current application utilizes the Monte Carlo Framework and 
the Cholesky decomposition matrix to determine the covariance between multiple investment 
type pairings.  Further research should be considered to ensure proper utilization and application 
of the investment correlations. 
Another suggestion is to add functionality to the model that allows for a scaling of the 
pay credit percentage based on and employee’s age and service.  Currently the model applies one 
percentage no matter what age or number of years of service an employee represents.  For a 
company with information regarding the fluctuation in pay credit percentage of salary over time, 
this could add to the accuracy of the model. 
Designing a way to “shock the system” is an additional functionality a client may find 
interesting.  For example, if the market was to experience a severe spike, either positive or 
negative, how that would affect the outcomes of the plan, and how those outcomes of a MAP 
compare to a CB plan under the same market conditions should be considered.  This is a reality 
for companies to consider especially in recent decades with unpredictable peaks and lulls.  
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Understanding the best and worst case scenarios and having plans for those times could ensure 
the company’s confidence in the MAP. 
Currently the model only compares a MAP to a Cash Balance plan.  There could be 
interesting considerations when comparing other types of pension plans or 401K plans. 
While designing the model, consideration was put towards designing the MAP to produce 
yearly outputs as appose to the current monthly outputs.  We determined too much information 
about the fluctuation of the employee’s account was lost by not including the aggregation by 
month.  Therefore, the model currently compares the MAP accrued monthly and the CB plan 
accrued yearly.  Additional consideration should be given to how the MAP would operate yearly 
and if there is a way to avoid losing accuracy when operating the MAP this way. 
The final suggestion is to add functionality to the model that allows for the employee to 
have some percentage of the decision about what kinds of investments their account utilizes.  As 
time goes on, the employee would ideally have less and less say because there is a higher 
account balance at stake for the company.  The company, and most likely the employee, would 
both be better off having the company decide which investment types will be used in the latter 
years of the account.  This functionality could add to the positive aspects of a MAP when 
presenting the plan to legislature.  The more consideration to the employee’s benefit, the more 
likely the MAP will be approved for industry use. 
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Appendices  
Appendix A: Documentation 
Purpose of Model 
 This model estimates the guarantee and investment risks of a population enrolled in two 
retirement plans, Managed Account Plan (MAP) and Cash Balance plan (CB).  The model 
creates lognormal stock returns using the Monte Carlo Method, and estimates the amount of 
money that the company might need to add to a participant’s account based on the guarantee if 
the participant’s employment is terminated.  For a MAP, the guarantee is a 0% overall return on 
investments, so the company will need to make up any deficit between the sum of pay credits, up 
to the time the employee leaves, and the actual investments.  For a CB, the guarantee is a 
minimum investment return at each year, so the company would need to make up the difference 
between the account balance with this guarantee and without it.  The guarantee is a fixed 
percentage in this model, but in practice may be linked to a bond or index. 
Assumptions 
Lognormal 
This model assumes lognormal stock returns, which uses historical information about a 
stock or index to estimate a mean return and the standard deviation of those returns.  The 
following formula takes the mean (μ) standard deviation (σ) and correlation as inputs to estimate 
1000 trials of 960 monthly returns. 
 
(  
  
 
)  √   
 
The Monte Carlo method, while widely accepted as a valid method of creating random 
lognormal returns, has some limitations.  It is more accurate for short term returns. It may not 
have a heavy enough tail to accurately represent the returns.  However, it is still the most 
commonly used equation for this application since it is simple to code and not calculation-
intensive. 
See Appendix B for more information on the lognormal assumption and the investment 
returns. 
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Termination at End of Years 
  The CB model assumes all terminations take place at the end of the year, using the 
turnover assumptions. This means that even if an employee has a deficit in their account during 
the year, the guarantee is applied as if they had left at the end of the previous year when that 
deficit might not exist.  This method was chosen in order to reflect the real limitations of the CB 
plan, where the guarantee is only applied once a year.   
The MAP model assumes that employee terminations occur at the end of the month.  The 
probability of an employee termination in the year is distributed equally across the months of 
that year. Since a MAP guarantee can create an additional liability for the company at any point 
in time (when an employee with an account deficit leaves the company) the monthly assumption 
was chosen as a more accurate representation. 
Constant Pay Credit % 
  The model only has the capability to accept a fixed percentage for calculating pay credits. 
This may not reflect the real situation of companies that use a scaled pay credit percentage based 
on service, salary or age. 
Stable Population 
  The current population model creates a population that does not change, given a hiring 
profile. Of course, this is not realistic since the number of employees in a company and their 
ages will vary over time.  
 
Inputs 
Inputs should be changed ONLY on the Control Panel workbook.  Running the model will 
automatically copy these inputs into all of the necessary workbooks.  This functionality is 
intended to keep the inputs consistent between runs. 
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Termination Rates are the yearly probabilities of a person with a given age and service 
leaving in the next year.  These should be probabilities, but do not need to add to one since each 
probability is dependent on still being employed at the beginning of the year. 
 
The Hiring Profile and Population Percentages are input in the lighter colored 
portion of this matrix, with zeros in the dark orange cells.  The entire matrix should sum to one. 
See Appendix C for information on how to create a population profile that will work for this.  
 
A Salary Scale grows salaries by the given percentage each year, so older employees 
make relatively more than younger ones. 
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The Investment Mixes determine how much of the notional and investment accounts are 
invested in each of the three assets (generally labeled here as Equity, Bonds and Risky but could 
be any three investments). The models that estimate ‘floor’ risk only use the Nominal Account 
weights, and ‘investment risk’ uses both Nominal and Investment Account. The Investment 
Account should be more risky than the Nominal Account. If they are the same, there will be no 
difference between the ‘floor’ and ‘investment’ risk when the models are run. In a realistic 
situation, as the employee gets older the investments should become less risky. However, as long 
as the account weights sum to one for each year (Nominal Equity+Nominal Bonds+Nominal 
Risky=1) the model will run without a problem. 
 
 
 
The Starting Salary is used as the salary for a 25 year old and is subject to the salary 
scale. Since all of the outputs are ratios, this number could theoretically be anything. However, if 
there is a chance that the outputs will be presented without creating ratios, it may be best to keep 
this at a reasonable level. 
The model uses a flat Pay Credit Percentage to calculate the percent of an employee’s 
salary that is paid into their account as a pay credit each year. This input creates the pay credits 
for the CB and MAP with the same percentage. Make sure this is entered as a percentage, such 
as .02. 
The model has the option of using a Chosen Output Discount Rate, which will adjust 
the discount rate used to present value some of the outputs (these will be labeled as ‘Input Rate’).  
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This rate should be entered as an annual effective rate, and where necessary the equivalent 
monthly nominal rate will be automatically created. Make sure this is entered as a percentage, 
such as .02. 
The Guaranteed % Notional Account modifies the guarantee in the MAP models.  
This rate is the annual interest rate that the guaranteed account grows by. When this is zero the 
employee is guaranteed that their account will never fall below the sum of the pay credits that 
have been paid into it. Make sure this is entered as a percentage, such as .02. 
 
The Annualized Mean and Annualized Sigma are created from historical returns of 
different investments. These should be entered as annualized because the model automatically 
creates the monthly inputs when they are needed. 
 
 
Investment Correlations should also be calculated from historical returns. The 
diagonal should always be 1’s, and the other cells should all be filled in (so there will be two 
instances of each correlation in this matrix) It is also important to fill this with only correlations, 
because the covariance matrix is calculated in the model using these numbers. 
 
Calculations  
See Appendix B for information on how investments are calculated using the “Refresh 
I vestme ts” macro. 
Straw Man 
At the center of every calculation is “The Straw Man” model, which projects 1000 trials 
of additional liabilities for an employee with a given age and service at a particular plan year.  
On the “Inputs” worksheet of the “Control” workbook, there are inputs for Starting Age, Service 
Year and Plan Year that are changed by the macro to loop through all possible employees. 
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When the starting age or service is changed, this refreshes the “Calculated” worksheet in 
each of the sub-workbooks. This refresh pulls the inputted decrements from the “Inputs” 
worksheet and uses them to calculate termination probabilities at each year.  The worksheet also 
uses the input salary scale and starting salary to project the salaries and calculate expected pay 
credits for this profile. 
These age, service and plan year inputs also move the projected liabilities to the 
appropriate areas in the 80-year (CB) or 960-month (MAP) matrix on the ‘Risk’ worksheet in 
each of the sub-workbooks.  Therefore, inputting age 35, service 5, and plan year zero would 
activate the formulas in the first 30 or 360 columns and use the salary, pay credits and 
termination from the ‘Calculated’ worksheet for a 35 year old with 5 years of service in the first 
column, a 36 year old with 6 years in the second, etc. Similarly, age 40, service 0 and plan year 
10 would move the first column of liabilities to the tenth (or 120
th
) column of the array. 
Account Balances 
The model uses the projected investments to create account balances, which are used to 
identify the times when the guarantee would force the company to add money to an employee’s 
account and the amounts of those payments.  These formulas (at time t) are: 
MAP Guarantee(t)= MAP Guarantee(t-1)*(1+MAP Guarantee %)+Pay Credit(t) 
MAP Notional(t)= MAP Notional(t-1)*(Notional Account Return(t))+Pay Credit(t) 
MAP Investment(t)= MAP Investment(t-1)*(Investment Account Return(t))+Pay Credit(t) 
CB Guarantee(t)= CB Guarantee(t-1)*Max(Nominal Account Return(t),Bond Return(t))+Pay Credit(t) 
CB Nominal(t)= CB Guarantee(t-1) *(Nominal Account Return(t))+Pay Credit(t) 
CB Investment(t)= CB Guarantee(t-1)* (Investment Account Return(t))+Pay Credit(t) 
Population Projection 
The workbook takes 1000 trials of investment projections for 80 years (monthly or 
yearly) and applies formulas to those 1000 by 960 or 80 arrays. Then, for any realistic 
combination of age, service and plan entrance year (on the “Inputs” worksheet in the sub-
workbooks) these formulas will create a stream of liabilities representing that person.   
Generally, the macro calculates additional liabilities in two steps.  First, we consider a 
“cohort” population which represents the initial implementation of the plan (whether CB or 
MAP).  These calculations happen at plan year 0, where not only are the new employees’ (those 
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hired in plan year 0) liabilities estimated, but those who are new to the plan and not the company.  
At this point we consider all possible combinations of age and service at plan year 0. These 
liabilities are scaled by the population percentages and summarized by service year. 
 The second step is a continuation of the plan, which adds employees with 0 years of 
service at each plan year.  For each plan year (1 to 80) the model calculates the future liabilities 
for all possible new employees (ages 25 to 65) and scales those liabilities by the ‘hiring profile’, 
given by the zero service column of the population percentages.  These liabilities are summed by 
the year in which they occur. 
Overhang and Additional Liabilities 
 For the MAP, an overhang is considered the positive difference between the sum of pay 
credits (with optional credited interest) up to that point and the account balance (investment or 
notional). For the CB plan, the overhang is the positive difference between the accounts with or 
without a guaranteed return. The formula used to create these is: 
 MAP Additional Liabilities=MAX(0, Sum of Pay Credits-Account Balance) 
 CB Additional Liabilities=MAX(0, Account with Guarantee-Account without Guarantee) 
 The investment models also take into consideration positive differences between the 
investment account and the Sum of Pay Credits or Account with Guarantee. 
 In order to convert these overhangs into additional liabilities, they are scaled by the 
probabilities that the employee with that liability leaves at that time. So, if an employee had a 
$100 overhang in a given month or year and had a .1 probability of leaving in that year, the 
additional liability would be $10.  
 
Outputs 
 The information created in a model run is summarized in two ways, by service year and 
plan year. This creates four 1000x40 matrices and one 1000x80 or 1000x960 matrix for each 
model run. 
 The service summarizations take the projected additional liabilities and overhangs for 
every combination of age and service at plan year zero and present values them at different 
interest rates.  The projected liabilities for a 30 year old with 4 years of service would be present 
valued at 0%, 5% and the input rate.  Those present values would be scaled by the percentage of 
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the population made up by 30 year olds with 4 years of service and added to the running total of 
liabilities created by employees with 4 years of service.  The output created is a 1000x40 matrix, 
where each column represents 1000 trials of present valued additional liabilities or overhangs 
created by the employees with that number of years of service. 
The plan year summarizations simply add the 1000x80 or 1000x960 matrices created on 
the ‘Risk’ worksheet of each of the sub-workbooks for every combination of age and service, 
weighted by the percentage of the population for that age and service.  
How to Run the Model 
Note: The model runs more efficiently when all of the workbooks are set to manual 
calculations. 
The model consists of five interconnected workbooks, one of which is the “Control” 
workbook.  This workbook controls the other four, so it must be open at all times when the 
model is in use and should be the only workbook that the user interacts with.  However, it is best 
to keep all five workbooks in the same folder to avoid problems with links. 
The “Control” workbook is connected to the other workbooks as described in this 
diagram: 
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Within the “Control” workbook is the “Control” worksheet, which has ten buttons that 
run different macros, and a table of timestamps.  The first set of buttons is the Run Control Panel 
area: 
 
 When the user selects one of these buttons, they must be sure to have the corresponding 
sub-workbook open.  For example, to run MAP Floor, the user would need to have 
“Control.xlsm” and “MAPFloor.xlsm” open and named as such.  Then, the following will 
automatically happen when the corresponding button is clicked. 
1. Beginning timestamp. 
2. Copy Inputs from Control to sub-workbook. 
3. Copy Investments from Control to sub-workbook. 
4. Run the macro as described in the Calculations section. 
5. Output to the “Outputs” worksheet of the sub-workbook. 
6. Refresh links to corresponding “Outputs” worksheet in the “Control” workbook. 
7. Ending timestamp. 
 
The next set of buttons is the Investment Control Panel area: 
 
 When the user selects the Refresh Investments button, they only need to have the 
“Control.xlsm” workbook open.  Pressing this button will create six new matrices of random, 
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correlated investments in the “Investments” worksheet in the “Control” workbook using the 
method described in Appendix B.  
The 1000x960 arrays are used in the MAP sub-workbooks, and the 1000x80 arrays are 
used in the CB sub-workbooks.  It is important to remember that these are not automatically 
copied to the sub-workbooks when the Refresh Investments button is pressed, but are copied 
when the Run Control Panel buttons are activated by the user.  
The Clear Investments button clears the arrays in the Investments worksheet of the 
“Control” workbook but does not affect the sub-workbooks.  It is best to clear the investment 
arrays using this button before refreshing the investments. 
If a direct comparison between models is desired, the user should not refresh investments 
in between model runs.  That way, the models are all run with the same set of investments. 
For the user’s convenience, the “Control” workbook includes a table of timestamps: 
 
 These timestamps are created at the beginning and end of the most recent model runs, and 
at the end of the most recent investment refresh.  The timestamps are intended to help the user 
keep track of which models have been run with the most recent investments.  
 
 The Clear Outputs area contains buttons which clear the arrays in the “Outputs” 
worksheet of the corresponding sub-workbook, given that the correct workbook is open.  This 
will affect the linked cells in the “Output” worksheet in the “Control” workbook, since the cells 
they link to will all be cleared. It is best to clear the outputs before running each model. 
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Appendix B: Investments 
 The Monte Carlo method is used to project randomized investment returns with an 
inputted mean and sigma, and a given correlation matrix.  For more information about creating 
correlated stock returns, see the paper The Monte Carlo Framework, Examples from Finance and 
Generating Correlated Random Variables by Martin Haugh from Columbia University.  The 
steps used to create these returns using the Investments macro are: 
1. Convert annualized mean and sigma to monthly.  The “Inputs” worksheet in the 
“Control” workbook uses a yearly mean and sigma.  These must be converted to monthly 
to create monthly returns. The following formulas are used: 
         
       
√  
 
         
       
  
 
2. Calculate Covariance Matrix.  The covariance matrix is computed using this formula 
for all combinations of investments, using the inputted sigma and correlations.  
               
3. Calculate Cholesky decomposition of covariance matrix. In order to apply the 
covariances to the projected returns and create correlated returns, the Cholesky 
decomposition of the covariance matrix must be created.  The formulas are found in this 
table. 
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4. For 1000 investment trials, do the following and save in three 1000x960 matrices: 
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a. Generate random standard normal numbers.  This is accomplished by 
generating uniform random numbers from 0 to 1 (representing probabilities) and 
taking the inverse of the standard normal distribution of those random numbers. 
b. Multiply matrix of random standard normal numbers by Cholesky-
decomposed covariances.  This will create a 960x3 matrix of correlated normal 
numbers. 
c. Use inverse normal matrix in the Monte Carol equation.  This equation 
generates monthly (when T=1/12) returns for 960 months of each of the three 
investment types, where Z is an entry in the matrix of correlated normal numbers. 
 
(  
  
 
)  √   
 
5. Create yearly investments.  In order to create comparable investments for use in the 
yearly macros, yearly investments are created by multiplying the first 12 months of 
returns to create the first year, etc.  
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Appendix C: Population Projection 
In order to create a population using provided decrements, it was necessary to create a 
hiring profile that would maintain a stationary (level) population by hiring new people to replace 
those terminating. 
The model accepts yearly termination probabilities for all ages, and service years 0 to 5+. 
These can be used to create a hiring profile by the following process: 
1. Fill a triangle matrix of all possible age/service combinations with 1s (i.e. there are no 25 
year olds with 20 years of service, so those should be 0). This is an initial population, but 
of course does not have the correct ratios. 
2. Create 39 additional matrices, each time applying the correct decrements to that initial 
population of 1s and moving the numbers as the population ages (so a 25 year old with 0 
years of service is a 26 year old with one year of service in the next array). The 
population will get smaller as the decrements are applied and no new employees are 
hired. 
3. In a separate location, create a hiring profile and use links to automatically “hire” that 
profile of employees in the first column of each matrix. Initially, this can be filled with 1s 
since it will be changed later on. The last hiring age (in this case, 65 year olds) should be 
set to 0 in order for Solver to find a solution. 
4. It will be useful to create a table which tracks the total population by summing the entire 
matrix at each year. 
5. Use the Solver tool in Excel to modify the hiring profile. The objective of the solver tool 
should be to set the last matrix population to the “Value Of: 100.” The “Variable Cells” 
should be the hiring profile, except the final year which is always zero. Additional 
constraints may be necessary in order to find a reasonable solution, one that does not 
have any large jumps from one age to the next and hires more young employees than old 
ones. 
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6. Check that the solution created a population that is stationary by checking that future 
years still have a population sum of 100. 
7. Divide the entire matrix at year 40 by 100 in order to find the population percentages, 
which will be used as an input. 
  
55 | P a g e  
 
Appendix D: VBA Code 
Model Macros 
Model Macros-MAP Floor 
Sub MAPMonthlyFloor() 
 
Dim InputArray(1 To 1000, 1 To 80) As Double 'Input Array 
Dim FiveArray(1 To 1000, 1 To 80) As Double 'Five Percent Array 
Dim OverhangArray(1 To 1000, 1 To 80) As Double 'Overhang Array 
Dim ZeroArray(1 To 1000, 1 To 80) As Double 'Zero Percent Array 
Dim SaveArray(1 To 1000, 1 To 960) As Double 'Arrray for 80 years 
Dim age As Double 
Dim service As Double 
Dim C As Double 
Dim d As Double 
Dim FiveNPV As Double 
Dim InputNPV As Double 
Dim Overhang As Double 
Dim PlanYear As Double 
Dim ZeroNPV As Double 
Dim s As Double 
Dim ScalarLoop As Double 
Dim ScalarLoop2 As Double 
Dim NewAge As Double 
Dim t As Double 
 
'Activates the correct workbook 
Windows("Control.xlsm").Activate 
 
'Creates a timestamp for the start 
Sheets("Control").Cells(3, 22).Value = Now 
 
'Activates the correct workbook 
Windows("MAPFloor.xlsm").Activate 
 
'Plan Year 0 
Sheets("Inputs").Range("R16") = 0 
 
'Sets the service year to the count of the loop 
For service = 0 To 39 Step 1 
    Sheets("Inputs").Range("R15") = service 
    'Creates the age for a reduction of time in the loop 
    C = 25 + service 
 
     For age = C To 65 Step 1 
        'Sets the age as the loop 
        Sheets("Inputs").Range("R14") = age 
          
        Calculate 
        'Selects the correct sheet 
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        Sheets("MAPFloorRisk").Select 
     
            'Loops through the 1000 trials for the 80 year array 
            For s = 1 To 1000 Step 1 
                 
                'Adds current liability to past to get an array for 80 
years at plan year 0. 
                For ScalarLoop = 1 To 960 Step 1 
                    SaveArray(s, ScalarLoop) = SaveArray(s, 
ScalarLoop) + (Sheets("MAPFloorRisk").Cells(s + 3010, ScalarLoop + 
1).Value * Sheets("Inputs").Cells(age - 22, 23).Value) 
                Next ScalarLoop 
                 
            Next s 
 
            'Loops for the 1000 trials for there zero, five, and 
inputted guarentee. Also for the overhang 
            For d = 1 To 1000 Step 1 
                'Calculates the net present value with a zero percent 
guarentee 
                ZeroNPV = WorksheetFunction.Sum(Range(Cells(d + 3010, 
2), Cells(d + 3010, 481))) 'NPV at 0% 
                'Calculates the net present value with the inputted 
percent guarentee 
                InputNPV = 
WorksheetFunction.NPV(Sheets("Calculated").Cells(2, 18).Value / 12, 
Range(Cells(d + 3010, 2), Cells(d + 3010, 481))) 'NPV at Input % 
                'Calculates the net present value with a five percent 
guarentee 
                FiveNPV = WorksheetFunction.NPV(0.05 / 12, 
Range(Cells(d + 3010, 2), Cells(d + 3010, 481))) 'NPV at 5% 
                'Calculates the net present value of the overhang 
                Overhang = WorksheetFunction.Sum(Range(Cells(d + 2009, 
2), Cells(d + 2009, 481))) 'Overhang 
             
                'Accumulates the NPV's of the above arrays 
                ZeroArray(d, service + 1) = (ZeroNPV * 
Sheets("Inputs").Cells(age - 22, 23 + service).Value) + ZeroArray(d, 
service + 1) 'For Zero Percent 
                InputArray(d, service + 1) = (InputNPV * 
Sheets("Inputs").Cells(age - 22, 23 + service).Value) + InputArray(d, 
service + 1) 'For Inputted Percent 
                FiveArray(d, service + 1) = (FiveNPV * 
Sheets("Inputs").Cells(age - 22, 23 + service).Value) + FiveArray(d, 
service + 1) 'For Five Percent 
                OverhangArray(d, service + 1) = (Overhang * 
Sheets("Inputs").Cells(age - 22, 23 + service).Value) + 
OverhangArray(d, service + 1) 'For the Overhang 
                 
             Next d 
     Next age 
Next service 
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'Sets the Service to Zero 
Sheets("Inputs").Range("R15") = 0 
 
'Loops Service Years 1 to 80 
For PlanYear = 1 To 79 Step 1 
    'Sets the cell to the plan year of the loop 
    Sheets("Inputs").Range("R16") = PlanYear 
     
        'Loops through the ages 
        For NewAge = 25 To 65 Step 1 
            'Sets the cell to the current age 
            Sheets("Inputs").Range("R14") = NewAge 
            Calculate 
            'Selects the correct sheet 
            Sheets("MAPFloorRisk").Select 
             
                'Loops for the 1000 trials of the additional liability 
for the 80 years 
                For t = 1 To 1000 Step 1 
                    For ScalarLoop2 = 1 To 960 Step 1 
                        SaveArray(t, ScalarLoop2) = SaveArray(t, 
ScalarLoop2) + (Sheets("MAPFloorRisk").Cells(t + 3010, ScalarLoop2 + 
1).Value * Sheets("Inputs").Cells(NewAge - 22, 23).Value) 
                    Next ScalarLoop2 
            Next t 
        Next NewAge 
Next PlanYear 
 
'Selects the correct worksheet 
Sheets("Output").Select 
'Outputs all of the calculated arrays 
Range("A2:AN1001") = OverhangArray 'Overhang 
Range("A1004:AN2003") = InputArray 'Input% 
Range("A2006:AN3005") = FiveArray 'Five % 
Range("A3008:AN4007") = ZeroArray 'Zero% 
Range("A4010:AJX5009") = SaveArray '80 plan years (additional 
liability) 
 
'Activates the correct workbook 
Windows("Control.xlsm").Activate 
 
'Outputs the timestamp for the completion of the macro 
Sheets("Control").Cells(3, 23).Value = Now 
 
End Sub 
 
Model Macros-CB Floor 
Sub CBYearlyFloor() 
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Dim InputArray(1 To 1000, 1 To 80) As Double 'Input Array 
Dim FiveArray(1 To 1000, 1 To 80) As Double 'Five Percent Array 
Dim OverhangArray(1 To 1000, 1 To 80) As Double 'Overhang Array 
Dim ZeroArray(1 To 1000, 1 To 80) As Double 'Zero Percent Array 
Dim SaveArray(1 To 1000, 1 To 960) As Double 'Arrray for 80 years 
Dim age As Double 
Dim service As Double 
Dim C As Double 'Added to service for loop 
Dim d As Double 'Loop 
Dim FiveNPV As Double 
Dim InputNPV As Double 
Dim Overhang As Double 
Dim PlanYear As Double 
Dim ZeroNPV As Double 
Dim s As Double 'Loop 
Dim ScalarLoop As Double 
Dim ScalarLoop2 As Double 
Dim NewAge As Double 
Dim t As Double 'Loop 
 
'Activates the correct workbook 
Windows("Control.xlsm").Activate 
 
'Creates a timestamp for the start 
Sheets("Control").Cells(4, 22).Value = Now 
 
'Activates the correct workbook 
Windows("CBFloor.xlsm").Activate 
 
'Plan Year 0 
Sheets("CBInputs").Range("R16") = 0 
 
'Loop for service 
For service = 0 To 39 Step 1 
    'Sets the service year to the count of the loop 
    Sheets("CBInputs").Range("R15") = service 
    'Creates the age for a reduction of time in the loop 
    C = 25 + service 
 
    'Loop for age 
     For age = C To 65 Step 1 
        'Sets the age as the loop 
        Sheets("CBInputs").Range("R14") = age 
          
        Calculate 
        'Selects the correct sheet 
        Sheets("CBFloorRisk").Select 
 
            'Loops through the 1000 trials for the 80 year array 
            For s = 1 To 1000 Step 1 
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                'Adds current liability to past to get an array for 80 
years at plan year 0. 
                For ScalarLoop = 1 To 80 Step 1 
                    SaveArray(s, ScalarLoop) = SaveArray(s, 
ScalarLoop) + (Sheets("CBFloorRisk").Cells(s + 4009, ScalarLoop + 
1).Value * Sheets("CBInputs").Cells(age - 22, 23).Value) 
                Next ScalarLoop 
                 
            Next s 
             
            'Loops for the 1000 trials for the zero, five, and 
inputted guarentee. Also for the overhang 
            For d = 1 To 1000 Step 1 
                'Calculates the net present value with a zero percent 
guarentee 
                ZeroNPV = WorksheetFunction.Sum(Range(Cells(d + 4009, 
2), Cells(d + 4009, 81))) 'NPV at 0% 
                'Calculates the net present value with the inputted 
percent guarentee 
                InputNPV = 
WorksheetFunction.NPV(Sheets("CBInputs").Cells(5, 18).Value, 
Range(Cells(d + 4009, 2), Cells(d + 4009, 81))) 'NPV at Input % 
                'Calculates the net present value with a five percent 
guarentee 
                FiveNPV = WorksheetFunction.NPV(0.05, Range(Cells(d + 
4009, 2), Cells(d + 4009, 81))) 'NPV at 5% 
                'Calculates the net present value of the overhang 
                Overhang = WorksheetFunction.Sum(Range(Cells(d + 3008, 
2), Cells(d + 3008, 81))) 'Overhang 
                     
                'Accumulates the NPV's of the above arrays 
                ZeroArray(d, service + 1) = (ZeroNPV * 
Sheets("CBInputs").Cells(age - 22, 23 + service).Value) + ZeroArray(d, 
service + 1) 'For Zero Percent 
                InputArray(d, service + 1) = (InputNPV * 
Sheets("CBInputs").Cells(age - 22, 23 + service).Value) + 
InputArray(d, service + 1) 'For the Inputted Percent 
                FiveArray(d, service + 1) = (FiveNPV * 
Sheets("CBInputs").Cells(age - 22, 23 + service).Value) + FiveArray(d, 
service + 1) 'For Five Percent 
                OverhangArray(d, service + 1) = (Overhang * 
Sheets("CBInputs").Cells(age - 22, 23 + service).Value) + 
OverhangArray(d, service + 1) 'For the Overhang 
                                      
            Next d 
     Next age 
Next service 
 
 
'Sets the Service to Zero 
Sheets("CBInputs").Range("R15") = 0 
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'Loops Service Years 1 to 80 
For PlanYear = 1 To 80 Step 1 
    'Sets the cell to the plan year of the loop 
    Sheets("CBInputs").Range("R16") = PlanYear 
         
        'Loops through the ages 
        For NewAge = 25 To 65 Step 1 
            'Sets the cell to the current age 
            Sheets("CBInputs").Range("R14") = NewAge 
            Calculate 
            'Selects the correct sheet 
            Sheets("CBFloorRisk").Select 
             
                'Loops for the 1000 trials of the additional liability 
for the 80 years 
                For t = 1 To 1000 Step 1 
                        For ScalarLoop2 = 1 To 80 Step 1 
                        SaveArray(t, ScalarLoop2) = SaveArray(t, 
ScalarLoop2) + (Sheets("CBFloorRisk").Cells(t + 4009, ScalarLoop2 + 
1).Value * Sheets("CBInputs").Cells(NewAge - 22, 23).Value) 
                    Next ScalarLoop2 
                Next t 
        Next NewAge 
Next PlanYear 
 
'Selects the correct worksheet 
Sheets("Output").Select 
'Outputs all of the calculated arrays 
Range("A2:AN1001") = OverhangArray 'Overhang 
Range("A1004:AN2003") = InputArray 'Input% 
Range("A2006:AN3005") = FiveArray 'Five % 
Range("A3008:AN4007") = ZeroArray 'Zero% 
Range("A4010:CB5009") = SaveArray '80 plan years (additional 
liability) 
 
'Activates the correct workbook 
Windows("Control.xlsm").Activate 
 
'Outputs the timestamp for the completion of the macro 
Sheets("Control").Cells(4, 23).Value = Now 
 
End Sub 
Model Macros-MAP Investment 
Sub MAPMonthlyInvest() 
Dim InputArray(1 To 1000, 1 To 80) As Double 'Input Array 
Dim FiveArray(1 To 1000, 1 To 80) As Double 'Five Percent Array 
Dim OverhangArray(1 To 1000, 1 To 80) As Double 'Overhang Array 
Dim ZeroArray(1 To 1000, 1 To 80) As Double 'Zero Percent Array 
Dim SaveArray(1 To 1000, 1 To 960) As Double 'Arrray for 80 years 
Dim age As Double 
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Dim service As Double 
Dim C As Double 
Dim d As Double 
Dim FiveNPV As Double 
Dim InputNPV As Double 
Dim Overhang As Double 
Dim PlanYear As Double 
Dim ZeroNPV As Double 
Dim s As Double 
Dim ScalarLoop As Double 
Dim ScalarLoop2 As Double 
Dim NewAge As Double 
Dim t As Double 
 
'Activates the correct workbook 
Windows("Control.xlsm").Activate 
 
'Creates a timestamp for the start 
Sheets("Control").Cells(5, 22).Value = Now 
 
'Activates the correct workbook 
Windows("MAPInvest.xlsm").Activate 
 
'Plan Year 0 
Sheets("Inputs").Range("R16") = 0 
 
'Loop for service 
For service = 0 To 39 Step 1 
    'Sets the service year to the count of the loop 
    Sheets("Inputs").Range("R15") = service 
    'Creates the age for a reduction of time in the loop 
    C = 25 + service 
 
     'Loop for age 
     For age = C To 65 Step 1 
        'Sets the age as the loop 
        Sheets("Inputs").Range("R14") = age 
          
        Calculate 
        'Selects the correct sheet 
        Sheets("MAPInvestmentRisk").Select 
 
            'Loops through the 1000 trials for the 80 year array 
            For s = 1 To 1000 Step 1 
                 
                'Adds current liability to past to get an array for 80 
years at plan year 0. 
                For ScalarLoop = 1 To 960 Step 1 
                    SaveArray(s, ScalarLoop) = SaveArray(s, 
ScalarLoop) + (Sheets("MAPInvestmentRisk").Cells(s + 3010, ScalarLoop 
+ 1).Value * Sheets("Inputs").Cells(age - 22, 23).Value) 
                Next ScalarLoop 
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            Next s 
 
            'Loops for the 1000 trials for the zero, five, and 
inputted guarentee. Also for the overhang 
            For d = 1 To 1000 Step 1 
                'Calculates the net present value with a zero percent 
guarentee 
                ZeroNPV = WorksheetFunction.Sum(Range(Cells(d + 3010, 
2), Cells(d + 3010, 481))) 'NPV at 0% 
                'Calculates the net present value with the inputted 
percent guarentee 
                InputNPV = 
WorksheetFunction.NPV(Sheets("Calculated").Cells(2, 18).Value / 12, 
Range(Cells(d + 3010, 2), Cells(d + 3010, 481))) 'NPV at Input % 
                'Calculates the net present value with a five percent 
guarentee 
                FiveNPV = WorksheetFunction.NPV(0.05 / 12, 
Range(Cells(d + 3010, 2), Cells(d + 3010, 481))) 'NPV at 5% 
                'Calculates the net present value of the overhang 
                Overhang = WorksheetFunction.Sum(Range(Cells(d + 2009, 
2), Cells(d + 2009, 481))) 'Overhang 
                     
                'Accumulates the NPV's of the above arrays 
                ZeroArray(d, service + 1) = (ZeroNPV * 
Sheets("Inputs").Cells(age - 22, 23 + service).Value) + ZeroArray(d, 
service + 1) 'For Zero Percent 
                InputArray(d, service + 1) = (InputNPV * 
Sheets("Inputs").Cells(age - 22, 23 + service).Value) + InputArray(d, 
service + 1) 'For Inputted Percent 
                FiveArray(d, service + 1) = (FiveNPV * 
Sheets("Inputs").Cells(age - 22, 23 + service).Value) + FiveArray(d, 
service + 1) 'For Five Percent 
                OverhangArray(d, service + 1) = (Overhang * 
Sheets("Inputs").Cells(age - 22, 23 + service).Value) + 
OverhangArray(d, service + 1) 'For the Overhang 
                                       
            Next d 
     Next age 
Next service 
 
'Sets the Service to Zero 
Sheets("Inputs").Range("R15") = 0 
 
'Loops Service Years 1 to 80 
For PlanYear = 1 To 79 Step 1 
    'Sets the cell to the plan year of the loop 
    Sheets("Inputs").Range("R16") = PlanYear 
     
        'Loops through the ages 
        For NewAge = 25 To 65 Step 1 
            'Sets the cell to the current age 
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            Sheets("Inputs").Range("R14") = NewAge 
            Calculate 
            'Selects the correct sheet 
            Sheets("MAPInvestmentRisk").Select 
             
                'Loops for the 1000 trials of the additional liability 
for the 80 years 
                For t = 1 To 1000 Step 1 
                    For ScalarLoop2 = 1 To 960 Step 1 
                        SaveArray(t, ScalarLoop2) = SaveArray(t, 
ScalarLoop2) + (Sheets("MAPInvestmentRisk").Cells(t + 3010, 
ScalarLoop2 + 1).Value * Sheets("Inputs").Cells(NewAge - 22, 
23).Value) 
                    Next ScalarLoop2 
            Next t 
        Next NewAge 
Next PlanYear 
 
'Selects the correct worksheet 
Sheets("Output").Select 
'Outputs all of the calculated arrays 
Range("A2:AN1001") = OverhangArray 'Overhang 
Range("A1004:AN2003") = InputArray 'Input% 
Range("A2006:AN3005") = FiveArray 'Five % 
Range("A3008:AN4007") = ZeroArray 'Zero% 
Range("A4010:AJX5009") = SaveArray '80 plan years (additional 
liability) 
 
'Activates the correct workbook 
Windows("Control.xlsm").Activate 
 
'Outputs the timestamp for the completion of the macro 
Sheets("Control").Cells(5, 23).Value = Now 
 
End Sub 
 
Model Macros-CB Investment 
Sub CBYearlyInvestment() 
 
Dim InputArray(1 To 1000, 1 To 80) As Double 'Input Array 
Dim FiveArray(1 To 1000, 1 To 80) As Double 'Five Percent Array 
Dim OverhangArray(1 To 1000, 1 To 80) As Double 'Overhang Array 
Dim ZeroArray(1 To 1000, 1 To 80) As Double 'Zero Percent Array 
Dim SaveArray(1 To 1000, 1 To 960) As Double 'Arrray for 80 years 
Dim age As Double 
Dim service As Double 
Dim C As Double 'added to service 
Dim d As Double 'Loop 
Dim FiveNPV As Double 
Dim InputNPV As Double 
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Dim Overhang As Double 
Dim PlanYear As Double 
Dim ZeroNPV As Double 
Dim s As Double 'Loop 
Dim ScalarLoop As Double 
Dim ScalarLoop2 As Double 
Dim NewAge As Double 
Dim t As Double 'Loop 
 
'Activates the correct workbook 
Windows("Control.xlsm").Activate 
 
'Creates a timestamp for the start 
Sheets("Control").Cells(6, 22).Value = Now 
 
'Activates the correct workbook 
Windows("CBInvest.xlsm").Activate 
 
'Plan Year 0 
Sheets("CBInputs").Range("R16") = 0 
 
'Loop for service 
For service = 0 To 39 Step 1 
    'Sets the service year to the count of the loop 
    Sheets("CBInputs").Range("R15") = service 
    'Creates the age for a reduction of time in the loop 
    C = 25 + service 
 
     'Loop for age 
     For age = C To 65 Step 1 
        'Sets the age as the loop 
        Sheets("CBInputs").Range("R14") = age 
          
        Calculate 
        'Selects the correct sheet 
        Sheets("CBInvestRisk").Select 
 
            'Loops through the 1000 trials for the 80 year array 
            For s = 1 To 1000 Step 1 
                 
                'Adds current liability to past to get an array for 80 
years at plan year 0. 
                For ScalarLoop = 1 To 80 Step 1 
                    SaveArray(s, ScalarLoop) = SaveArray(s, 
ScalarLoop) + (Sheets("CBInvestRisk").Cells(s + 4010, ScalarLoop + 
1).Value * Sheets("CBInputs").Cells(age - 22, 23).Value) 
                Next ScalarLoop 
                 
            Next s 
            'Loops for the 1000 trials for the zero, five, and 
inputted guarentee. Also for the overhang 
            For d = 1 To 1000 Step 1 
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                'Calculates the net present value with a zero percent 
guarentee 
                ZeroNPV = WorksheetFunction.Sum(Range(Cells(d + 4010, 
2), Cells(d + 4010, 81))) 'NPV at 0% 
                'Calculates the net present value with the inputted 
percent guarentee 
                InputNPV = 
WorksheetFunction.NPV(Sheets("CBInputs").Cells(5, 18).Value, 
Range(Cells(d + 4010, 2), Cells(d + 4010, 81))) 'NPV at Input % 
                'Calculates the net present value with a five percent 
guarentee 
                FiveNPV = WorksheetFunction.NPV(0.05, Range(Cells(d + 
4010, 2), Cells(d + 4010, 81))) 'NPV at 5% 
                'Calculates the net present value of the overhang 
                Overhang = WorksheetFunction.Sum(Range(Cells(d + 3008, 
2), Cells(d + 3008, 81))) 'Overhang 
                 
                'Accumulates the NPV's of the above arrays 
                ZeroArray(d, service + 1) = (ZeroNPV * 
Sheets("CBInputs").Cells(age - 22, 23 + service).Value) + ZeroArray(d, 
service + 1)  'For Zero Percent 
                InputArray(d, service + 1) = (InputNPV * 
Sheets("CBInputs").Cells(age - 22, 23 + service).Value) + 
InputArray(d, service + 1) 'For the Inputted Percent 
                FiveArray(d, service + 1) = (FiveNPV * 
Sheets("CBInputs").Cells(age - 22, 23 + service).Value) + FiveArray(d, 
service + 1) 'For Five Percent 
                OverhangArray(d, service + 1) = (Overhang * 
Sheets("CBInputs").Cells(age - 22, 23 + service).Value) + 
OverhangArray(d, service + 1) 'For the Overhang 
            Next d 
     Next age 
Next service 
 
'Sets the Service to Zero 
Sheets("CBInputs").Range("R15") = 0 
 
'Loops Service Years 1 to 80 
For PlanYear = 1 To 80 Step 1 
    'Sets the cell to the plan year of the loop 
    Sheets("CBInputs").Range("R16") = PlanYear 
 
        'Loops through the ages 
        For NewAge = 25 To 65 Step 1 
            'Sets the cell to the current age 
            Sheets("CBInputs").Range("R14") = NewAge 
            Calculate 
             'Selects the correct sheet 
            Sheets("CBInvestRisk").Select 
             
                'Loops for the 1000 trials of the additional liability 
for the 80 years 
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                For t = 1 To 1000 Step 1 
                        For ScalarLoop2 = 1 To 80 Step 1 
                        SaveArray(t, ScalarLoop2) = SaveArray(t, 
ScalarLoop2) + (Sheets("CBInvestRisk").Cells(t + 4010, ScalarLoop2 + 
1).Value * Sheets("CBInputs").Cells(NewAge - 22, 23).Value) 
                    Next ScalarLoop2 
                Next t 
        Next NewAge 
Next PlanYear 
 
'Selects the correct worksheet 
Sheets("Output").Select 
'Outputs all of the calculated arrays 
Range("A2:AN1001") = OverhangArray 'Overhang 
Range("A1004:AN2003") = InputArray 'Input' 
Range("A2006:AN3005") = FiveArray  'Five 
Range("A3008:AN4007") = ZeroArray 'Zero' 
Range("A4010:CB5009") = SaveArray '80 plan years (additional 
liability) 
 
'Activates the correct workbook 
Windows("Control.xlsm").Activate 
 
'Outputs the timestamp for the completion of the macro 
Sheets("Control").Cells(6, 23).Value = Now 
 
End Sub 
 
Paste Inputs 
Paste Inputs- MAPFloor 
Sub PasteMAPFloorInputs() 
     
    'Activates the correct workbook 
    Windows("Control.xlsm").Activate 
    'Selects the correct worksheet 
    Worksheets("Inputs").Activate 
    'Selects the start cell 
    Range("A1").Select 
    'Selects the range 
    Range("A1:BK44").Select 
    Range("BK44").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("MAPFloor.xlsm").Activate 
    Worksheets("Inputs").Activate 
    Range("A1").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
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End Sub 
 
Paste Inputs- CBFloor 
Sub PasteCBFloorInputs() 
 
    'Activates the correct workbook 
    Windows("Control.xlsm").Activate 
    'Selects the correct worksheet 
    Worksheets("Inputs").Activate 
    'Selects the start cell 
    Range("A1").Select 
    'Selects the range 
    Range("A1:BK44").Select 
    Range("BK44").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("CBFloor.xlsm").Activate 
    Worksheets("CBInputs").Activate 
    Range("A1").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
 
End Sub 
 
Paste Inputs- MAPInvest 
Sub PasteMAPInvestInputs() 
    'Activates the correct Workbook 
    Windows("Control.xlsm").Activate 
    'Selects the correct worksheet 
    Worksheets("Inputs").Activate 
    'Selects the start cell 
    Range("A1").Select 
    'Selects the range 
    Range("A1:BK44").Select 
    Range("BK44").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("MAPInvest.xlsm").Activate 
    Worksheets("Inputs").Activate 
    Range("A1").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
 
End Sub 
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Paste Inputs- CBInvest 
 
Sub PasteCBInvestInputs() 
 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Inputs").Activate 
    'Selects the start cell 
    Range("A1").Select 
    'Selects the range 
    Range("A1:BK44").Select 
    Range("BK44").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("CBInvest.xlsm").Activate 
    Worksheets("CBInputs").Activate 
    Range("A1").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
End Sub 
 
Paste Investments 
Paste Investments- MAP Floor 
Sub PasteMAPFloorInvest() 
 
    'Equity 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A2").Select 
    'Selects the range 
    Range("A2:AJX1001").Select 
    Range("AJX1001").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("MAPFloor.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("u2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
    'Bonds 
    'Selects the correct workbook 
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    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A1004").Select 
    'Selects the range 
    Range("A1004:AJX2003").Select 
    Range("AJX2003").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("MAPFloor.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("AKT2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
    'Risky 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A2006").Select 
    'Selects the range 
    Range("A2006:AJX3005").Select 
    Range("AJX3005").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("MAPFloor.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("BVS2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
End Sub 
 
Paste Investments- CB Floor 
Sub PasteCBFloorInvest() 
 
    'Equity 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A3008").Select 
    'Selects the range 
    Range("A3008:CB4007").Select 
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    Range("CB4007").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("CBFloor.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("u2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
    'Bonds 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A4010").Select 
    'Selects the range 
    Range("A4010:CB5009").Select 
    Range("CB5009").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("CBFloor.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("CY2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
    'Risky 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A5012").Select 
    'Selects the range 
    Range("A5012:CB6011").Select 
    Range("CB6011").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("CBFloor.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("GC2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
End Sub 
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Paste Investments- MAP Investments 
Sub PasteMAPInvInvest() 
 
    'Equity 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A2").Select 
    'Selects the range 
    Range("A2:AJX1001").Select 
    Range("AJX1001").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("MAPInvest.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("u2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
    'Bonds 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A1004").Select 
    'Selects the range 
    Range("A1004:AJX2003").Select 
    Range("AJX2003").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("MAPInvest.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("AKT2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
    'Risky 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A2006").Select 
    'Selects the range 
    Range("A2006:AJX3005").Select 
    Range("AJX3005").Activate 
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    'Copies the selected range 
    Selection.Copy 
    Windows("MAPInvest.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("BVS2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
End Sub 
Paste Investments- CB Investments 
Sub PasteCBInvInvest() 
    'Equity 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A3008").Select 
    'Selects the range 
    Range("A3008:CB4007").Select 
    Range("CB4007").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("CBInvest.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("u2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
    'Bonds 
    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A4010").Select 
    'Selects the range 
    Range("A4010:CB5009").Select 
    Range("CB5009").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("CBInvest.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("CY2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
     
    'Risky 
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    'Selects the correct workbook 
    Windows("Control.xlsm").Activate 
    'Activates the correct worksheet 
    Worksheets("Investments").Activate 
    'Selects the start cell 
    Range("A5012").Select 
    'Selects the range 
    Range("A5012:CB6011").Select 
    Range("CB6011").Activate 
    'Copies the selected range 
    Selection.Copy 
    Windows("CBInvest.xlsm").Activate 
    Worksheets("Calculated").Activate 
    Range("GC2").Select 
    'Pastes to the new worksheet in the following workbook, worksheet, 
and cell. 
    ActiveSheet.Paste 
End Sub 
 
Run Macros  
Run Macros-MAP Floor 
Sub RunMAPFloor() 
 
Call PasteMAPFloorInputs 
Call PasteMAPFloorInvest 
Call MAPMonthlyFloor 
 
End Sub 
 
Run Macros-CB Floor 
Sub RunCBFloor() 
 
Call PasteCBFloorInputs 
Call PasteCBFloorInvest 
Call CBYearlyFloor 
 
End Sub 
 
Run Macros-MAP Investments 
Sub RunMAPInvest() 
 
Call PasteMAPInvestInputs 
Call PasteMAPInvInvest 
Call MAPMonthlyInvest 
 
End Sub 
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Run Macros-CB Investments 
Sub RunCBInvest() 
 
Call PasteCBInvestInputs 
Call PasteCBInvInvest 
Call CBYearlyInvestment 
 
End Sub 
 
Investments 
Calculate Investments 
Sub Investments() 
 
Dim Returns(1 To 3, 1 To 960) As Double 
Dim MonthlyA(1 To 1000, 1 To 960) As Double 
Dim MonthlyB(1 To 1000, 1 To 960) As Double 
Dim MonthlyC(1 To 1000, 1 To 960) As Double 
Dim YearlyA(1 To 1000, 1 To 80) As Double 
Dim YearlyB(1 To 1000, 1 To 80) As Double 
Dim YearlyC(1 To 1000, 1 To 80) As Double 
Dim SigmaA As Double 
Dim SigmaB As Double 
Dim SigmaC As Double 
Dim AlphaA As Double 
Dim AlphaB As Double 
Dim AlphaC As Double 
Dim Cov(0 To 2, 0 To 2) As Double 
Dim h As Double 
Dim i As Double 
Dim j As Double 
Dim e As Double 
Dim Chol(0 To 2, 0 To 2) As Double 
Dim V As Variant 
e = 2.71828182845905 'set e 
 
SigmaA = Sheets("Inputs").Range("S10").Value / (12 ^ 0.5) 
SigmaB = Sheets("Inputs").Range("S11").Value / (12 ^ 0.5) 
SigmaC = Sheets("Inputs").Range("S12").Value / (12 ^ 0.5) 
 
AlphaA = Sheets("Inputs").Range("R10").Value / 12 
AlphaB = Sheets("Inputs").Range("R11").Value / 12 
AlphaC = Sheets("Inputs").Range("R12").Value / 12 
 
'calculate covariance matrix 
Cov(0, 0) = SigmaA ^ 2 
Cov(0, 1) = SigmaA * SigmaB * Sheets("Inputs").Range("R24").Value 
Cov(1, 0) = SigmaA * SigmaB * Sheets("Inputs").Range("R24").Value 
Cov(1, 1) = SigmaB ^ 2 
Cov(0, 2) = SigmaA * SigmaC * Sheets("Inputs").Range("R25").Value 
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Cov(2, 0) = SigmaA * SigmaC * Sheets("Inputs").Range("R25").Value 
Cov(2, 2) = SigmaC ^ 2 
Cov(1, 2) = SigmaB * SigmaC * Sheets("Inputs").Range("S25").Value 
Cov(2, 1) = SigmaB * SigmaC * Sheets("Inputs").Range("S25").Value 
 
'Calculates Cholesky decomposition of covariance matrix 
Chol(0, 0) = Cov(0, 0) ^ 0.5 
Chol(0, 1) = 0 
Chol(0, 2) = 0 
Chol(1, 0) = Cov(1, 0) / Chol(0, 0) 
Chol(1, 1) = (Cov(1, 1) - (Chol(1, 0) ^ 2)) ^ 0.5 
Chol(1, 2) = 0 
Chol(2, 0) = Cov(2, 0) / Chol(0, 0) 
Chol(2, 1) = (Cov(2, 1) - (Chol(2, 0) * Chol(1, 0))) / Chol(1, 1) 
Chol(2, 2) = (Cov(2, 2) - (Chol(2, 0) ^ 2 - Chol(1, 0) ^ 2)) ^ 0.5 
 
For h = 1 To 1000 Step 1 'loop for 1000 trials 
    For i = 1 To 3 Step 1 'loop for 3 investments 
        For j = 1 To 960 Step 1 'loop for 960 months 
            Returns(i, j) = 
Application.WorksheetFunction.Norm_S_Inv(Application.WorksheetFunction
.RandBetween(1, 999999) / 1000000) 'create random numbers from 0 to 1 
        Next j 
    Next i 
     
    V = Application.WorksheetFunction.MMult(Chol, Returns) 'multiply 
matrix of random numbers by Chol 
     
    For j = 1 To 960 Step 1 
        MonthlyA(h, j) = e ^ (AlphaA - (((SigmaA ^ 2) / 2) * (1 / 12)) 
+ (((1 / 12) ^ 0.5) * V(1, j))) 
        MonthlyB(h, j) = e ^ (AlphaB - (((SigmaB ^ 2) / 2) * (1 / 12)) 
+ (((1 / 12) ^ 0.5) * V(2, j))) 
        MonthlyC(h, j) = e ^ (AlphaC - (((SigmaC ^ 2) / 2) * (1 / 12)) 
+ (((1 / 12) ^ 0.5) * V(3, j))) 
    Next j 
Next h 
    
'Creates Yearly investments 
For h = 1 To 1000 Step 1 
    For j = 1 To 80 
        YearlyA(h, j) = 
Application.WorksheetFunction.Product(MonthlyA(h, (j - 1) * 12 + 1), 
MonthlyA(h, (j - 1) * 12 + 2), MonthlyA(h, (j - 1) * 12 + 3), 
MonthlyA(h, (j - 1) * 12 + 4), MonthlyA(h, (j - 1) * 12 + 5), 
MonthlyA(h, (j - 1) * 12 + 6), MonthlyA(h, (j - 1) * 12 + 7), 
MonthlyA(h, (j - 1) * 12 + 8), MonthlyA(h, (j - 1) * 12 + 9), 
MonthlyA(h, (j - 1) * 12 + 10), MonthlyA(h, (j - 1) * 12 + 11), 
MonthlyA(h, (j - 1) * 12 + 12)) 
        YearlyB(h, j) = 
Application.WorksheetFunction.Product(MonthlyB(h, (j - 1) * 12 + 1), 
MonthlyB(h, (j - 1) * 12 + 2), MonthlyB(h, (j - 1) * 12 + 3), 
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MonthlyB(h, (j - 1) * 12 + 4), MonthlyB(h, (j - 1) * 12 + 5), 
MonthlyB(h, (j - 1) * 12 + 6), MonthlyB(h, (j - 1) * 12 + 7), 
MonthlyB(h, (j - 1) * 12 + 8), MonthlyB(h, (j - 1) * 12 + 9), 
MonthlyB(h, (j - 1) * 12 + 10), MonthlyB(h, (j - 1) * 12 + 11), 
MonthlyB(h, (j - 1) * 12 + 12)) 
        YearlyC(h, j) = 
Application.WorksheetFunction.Product(MonthlyC(h, (j - 1) * 12 + 1), 
MonthlyC(h, (j - 1) * 12 + 2), MonthlyC(h, (j - 1) * 12 + 3), 
MonthlyC(h, (j - 1) * 12 + 4), MonthlyC(h, (j - 1) * 12 + 5), 
MonthlyC(h, (j - 1) * 12 + 6), MonthlyC(h, (j - 1) * 12 + 7), 
MonthlyC(h, (j - 1) * 12 + 8), MonthlyC(h, (j - 1) * 12 + 9), 
MonthlyC(h, (j - 1) * 12 + 10), MonthlyC(h, (j - 1) * 12 + 11), 
MonthlyC(h, (j - 1) * 12 + 12)) 
    Next j 
Next h 
 
Sheets("Investments").Range("A2:AJX1001") = MonthlyA 
Sheets("Investments").Range("A1004:AJX2003") = MonthlyB 
Sheets("Investments").Range("A2006:AJX3005") = MonthlyC 
 
Sheets("Investments").Range("A3008:CB4007") = YearlyA 
Sheets("Investments").Range("A4010:CB5009") = YearlyB 
Sheets("Investments").Range("A5012:CB6011") = YearlyC 
 
Sheets("Control").Cells(8, 23).Value = Now 
End Sub 
 
Clear Investments 
Sub ClearInvestments() 
 
Sheets("Investments").Select 
Range("A2:AJX1001") = "" 
Range("A1004:AJX2003") = "" 
Range("A2006:AJX3005") = "" 
Range("A3008:CB4007") = "" 
Range("A4010:CB5009") = "" 
Range("A5012:CB6011") = "" 
 
End Sub 
 
Clear Outputs 
Clear Outputs- MAP Floor 
Sub ClearMAPFloorOutputs() 
 
'Clears MAP Floor Outputs 
Windows("MAPFloor.xlsm").Activate 
Sheets("Output").Select 
Range("A2:AN1001") = "" 'Overhang 
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Range("A1004:AN2003") = "" 'Input' 
Range("A2006:AN3005") = ""  'Five 
Range("A3008:AN4007") = "" 'Zero' 
Range("A4010:CB5009") = "" '80 years 
 
End Sub 
 
Clear Outputs- MAP Investments 
Sub ClearMAPInvestOutputs() 
'Clears MAP Investment Outputs 
Windows("MAPInvest.xlsm").Activate 
Sheets("Output").Select 
Range("A2:AN1001") = "" 'Overhang 
Range("A1004:AN2003") = "" 'Input' 
Range("A2006:AN3005") = ""  'Five 
Range("A3008:AN4007") = "" 'Zero 
Range("A4010:CB5009") = "" '80 years 
 
End Sub 
 
Clear Outputs- CB Floor 
Sub ClearCBFloorOutputs() 
'Clears CB Floor Outputs 
Windows("CBFloor.xlsm").Activate 
Sheets("Output").Select 
Range("A2:AN1001") = "" 'Overhang 
Range("A1004:AN2003") = "" 'Input' 
Range("A2006:AN3005") = ""  'Five 
Range("A3008:AN4007") = "" 'Zero' 
Range("A4010:CB5009") = "" '80 years 
 
End Sub 
 
Clear Outputs- CB Investments 
 
Sub ClearCBInvestOutputs() 
'Clears CB Investment Outputs 
Windows("CBInvest.xlsm").Activate 
Sheets("Output").Select 
Range("A2:AN1001") = "" 'Overhang 
Range("A1004:AN2003") = "" 'Input' 
Range("A2006:AN3005") = ""  'Five 
Range("A3008:AN4007") = "" 'Zero' 
Range("A4010:CB5009") = "" '80 years 
 
End Sub 
